The design of a high slew-rate voltage follower is presented. The source follower achieves effective class-AB operation provided by a double-sided dynamic biasing technique. The proposed design has significant improvement in the slew rate over the conventional design without increase in power consumption. Experimental verification is demonstrated to show the proposed circuit in operation.
Introduction:
The voltage follower is widely used in various analogue circuits such as low-dropout regulators and analogue-to-digital converters. It provides current-driving capability and impedance transformation between its input and output. However, the slew rate of a simple source follower with a fixed output capacitance is ultimately limited by the bias current, I B . Many researchers are exploring the possibilities of applying dynamic biasing during the slewing period to improve slew-rate performance while maintaining quiescent current consumption. One of the ideas is to include a highpass network to effectively equip a class-A output stage with class-AB operation [1] , so that slewing performance is improved with no penalty in power consumption. A simple and effective method applied to a source follower is reported in [2] , in which a common-source amplifier is embedded in the source follower, to trigger a capacitive-coupling mechanism for dynamic current injection. The effective circuit is shown in Fig. 1 . Transistor M0 acts as the source follower and as the common-source amplifier at the same time. While there is a sudden increase at the voltage input v IN , the output voltage v OUT cannot follow the input instantaneously, and it effectively becomes a signal ground at the moment. As a result, M0 acts as a common-source amplifier and outputs an inverted and amplified signal to the node v x . The voltage drop is coupled to the node v y , and v SG2 is increased to provide more drain current to charge up the output capacitor. The ingenious design turns the original class-A source follower into a class-AB voltage follower. Moreover, the highpass network composed of R C and C C guarantees that the current injection only takes place during the slewing period. When the slewing is over, C C returns to open and v y is reset to its original biasing value through R C . The reported design is effective in transferring high-frequency components of the input signal to generate a dynamic biasing. Since both the common-source amplifier and the source follower are situated in the same current branch, power consumption can be minimised. However, there exists a dilemma in choosing the value of R D . If the resistance is too small, the gain of the commonsource amplifier is severely limited and renders the signal coupling ineffective. However, should R D be large, v x is raised and V SD0 may be reduced such that M0 is no longer operating in the saturation region, along with the unity-gain property of the source follower being destroyed. It is noticed that the maximum swing v x is restricted below V SG0 -V SD0(sat) and ground when v IN increases from 0 V, as shown in Fig. 1 . In this Letter, a double-side dynamic-biased voltage follower is proposed to extend the design in [2] and to alleviate the swing constraints. Fig. 1 Voltage follower reported in [2] and waveform of internal nodes Proposed source follower: The proposed design is shown in Fig. 2 . The novelty of the design is to apply dynamic biasing twice to a simple source follower to achieve a high slew rate on both the pull-up and pull-down cases. Two current comparators, ICOMP1 and ICOMP2, are used and thus the signal detections are separated from the sourcefollower M4. Node v 1 is biased closed to v OUT , whereas node v 3 is set to nearly 0 V. As shown in Fig. 3 , in the case of a rapid rise in the input voltage, v SG5 is reduced in a very short instant. The currents flowing through M5 and M8 are significantly unbalanced, and voltage at node v 1 is forced to drop to reduce v DS8 and to equalise the upper and lower currents during the transient. Capacitor C C1 couples the high-frequency voltage drop from v 1 to v 2 , which causes v SG2 to be increased and more output current to be generated. As a result, v OUT is raised with substantial slew-rate improvement. Moreover, v 2 is only influenced by v 1 during the slewing period owing to C C1 , and it naturally returns to the original biased state through R C1 . After v OUT is settled, the bias condition of the whole source follower is recovered, and v 1 will locate close to v OUT again. Similarly, the sudden drop at v IN causes i SD6 of the second current comparator to increase. The current imbalance forced the voltage at node v 3 to rise quickly. This change is coupled to node v 4 to cause an increase in v GS7 which provides more sink current from the output by M7. The dynamic-biasing circuit resets to the original state naturally after the slewing period, owing to the high-pass network formed by R C2 and C C2 . The bias condition of the whole circuit recovers and v 3 settles back to nearly 0 V when v OUT reaches its steady state. Both voltages at nodes v 1 and v 3 have a dynamic range approximately equal to v OUT . By detaching the signal-detection circuit away from the source follower, the changes in signal variation can be improved considerably and the dynamic biasing is executed more effectively. It should be noted that the source follower of M4 is conventionally designed to have a large aspect ratio, to improve its transconductance for wide bandwidth performances. As a result, the extra power consumed by the current comparator can be negligible. Simulated total harmonic distortion (THD) is 269 dB, and simulated signal-to-noise ratio (SNR) within 20 kHz is 132 dB, with a 1 2 V pp 1 kHz sinusoidal input under a 50 pF load. Fig. 4 , the proposed design achieves an improvement of more than 18 times, and two times in positive and negative slew rates, respectively, when subjected to a 450 mV input change within 100 ns, with the same power consumption as the conventional design. Measurement results are summarised in Table 1 . The dynamic biasing in the current source side improves the positive slew rate drastically, compared to the conventional static biasing. Although the negative slew-rate limit in the conventional class-A voltage follower is less severe, the proposed method is able to further improve the slewrate performance. Conclusion: A voltage follower with double-sided dynamic biasing is introduced to improve slew-rate behaviours of conventional class-A source followers. Experimental results show that the proposed method significantly improves the slew rate with no increase in power consumption. The proposed voltage follower enables low-power operations without sacrificing slew-rate performances.
